Introduction
Low density thermoplastic foams are widely encountered in soft furnishings and construction industries. The poor flammability performance of thermoplastic based products causes fire to be a significant contributor to annual fire losses. An illegal fireworks show, for example, has ignited a thermoplastic insulation and the resultant fire gutted a 30-story building in Beijing's Central Business District, China, on February 9, 2009 . One fireman died, while six firemen and two construction workers were injured. The cost of the fire was estimated at more than 23.44 million US$. In this context, the fire at the Kiss nightclub in the south Brazil's college town of Santa Maria killed 235 people on January 27, 2013, and it appears to have started when ------------------ In NIST Flammability of Thermoplastic Materials project [1] , characterizing melt/ /drip effects is one of the key goals of designing and assembling the necessary apparatus for developing bench scale flammability measurement methods. The melting effect is especially important for characterizing flammability of thermoplastic foams. It causes the foam to shrink and drip during a test. Therefore, the density and surface area exposed to the heat flux undergoes a significant change in bench scale tests.
Numerical and experimental tests have been performed in melt burning research [2, 3] Moreover, experimental research on the melt/drip effects have been carried out at different scales by standard and self-designed facilities [4] [5] [6] [7] . In these experiments, specimens from eight commercial products (all densities are more than 550 kg/m 3 ), have been tested with UL94 in vertical burning test conditions [4] : mass loss rate, first drop mass and diameter, first dripping time were used to describe the melt/drip effect in the experiment. Thermal stabilities of another eight thermoplastic polymers have been studied by bench scale UL94 test and micro scale thermogravimetric (TG) test regarding the ignition mechanism of melting polymers [5, 6] .
In prediction of fire behavior of materials both modeling and experiments need to be performed together providing mutual information for improving the fire tests. There is a variety of experiments in this direction, still sporadic to some extent, but providing step-by-step enough amount of data about the fire behavior of thermoplastics in fire, especially the foams. In this context, simulation of polymer burning under UL94 vertical test conditions based on mass loss rate to investigate the change in density to the predicted have been carried out [7] . As a supporting technique, TG experiments have been used to estimate the onset of melting and then to provide adequate results for modeling both the melting and pyrolysis stages [8] . Increasing in the scale of the experiments resulted (with ISO 9705) to study polymer melt flow behavior and subsequent pool fire [9] in room scale tests, also the interaction between a vertical polymer sheet fire and the induced pool fire were studied. Other factors, regression, char layer and fire spread, which influence the burning behavior of polymer, have also been studied by [10] [11] [12] .
A T-shape trough to study the flowing behavior of melting thermoplastics [13] , and large scale burning tests were carried out for thermoplastics of different thickness [14] . A meth odology to record the real time melt and burning/dripping behavior of thermoplastics quantita tively in an electric furnace heated by connective heat flow have been developed [15] . Multi-scale test was also adopted to study the fire behavior of expanded polystyrene (EPS) foam [16] .
In fact, it is difficult to characterize the fire behavior of foams [17] due to melt/drip effect of samples when tested. Melt/drip effects not only change the ignition mechanism of thermoplastics resulting in ignition time scatter, but also raise the uncertainties in heat release rate (HRR) measurements in cone calorimetric tests. The HRR is an essential parameter in fire testing and flammability assessment, especially for performance based fire safety design in which HRR of materials is used for fires design in enclosures. Many software packages use HRR as input data for full scale fire predictions and material or product evaluation in light of fire behavior. Thus, reliable HRR data are essential pool of information for correct evaluation materials and prediction their fire behaviors.
Cone calorimeter has been widely used in evaluating fire behavior of polymers in fire safety engineering. When the flammability of low density thermoplastic a horizontal placement of the sample is measured by the cone calorimeter and the material can melt and shrink in the sample holder. The sample can not drip but it may shrink during the melting stage and thus melt/drip effects is changed to melt/shrink effect. This is quite different from the test material which is liquid [18] or solid [19, 20] can hold its shape or burning area. If the sample is shrinking, then the exposed area to incident heat flux should be significantly smaller than the nominal exposure area used to calculate the HRR per square meter. It was found that the sample size can influence the cone test results [21] , the ignition of smaller PU adhesive samples was attributed to an enhanced mixing of volatiles and oxygen as a result of an increased distance between the conical heater and the sample surface. This interpretation refers an effective area of sample which has to be determined in order to perform an adequate ignition procedure as well as for the consequent calculations of HRR per area. As a support of these comments, an incorrect HRR obtained from a cone calorimeter test with a nominal sample surface (for example 0.008848 m 2 ) as burning area would cause the fire behavior predictions invalid if the current models would be directly applied.
As examples of direct application of the current model predictions to cone calorimeter data obtained with melting materials we have to mention some research carried out. The fire behavior of sandwich panels [22] using expanded polystyrene core (EPS). EPS cores was classified as flashover-category (FO-category) 4 by Ostman and Hovde model [23] and Hansen and Tsandaridis model [24] from cone calorimeter tests using 50 kW/m 2 incident heat flux. Thus an ISO 9705 room fire test on a room lined with EPS panels (without skins) is predicted to reach flashover before 2 min after the beginning of the test. Six out of eight tests reached flashover, all the flashover happened after 5 min, only two of them reached flashover before 10 min. These models are not able to be applied to data about composite materials and can not predict the time to flashover for sandwich panels [22] .
Heating and ignition tests were conducted in our research to study the melt/shrink effect in cone calorimetric tests. Density and surface area changes are measured for test samples at different incident heat fluxes in heating tests. Ignition tests were carried out at 50 kW/m 2 incident heat flux. Density and surface area of melt/shrink foams is used to correct the 50 kW/m 2 results and input to fire behavior prediction models. The low density foams are classified by Ostman's and Hansen's model using 50 kW/m 2 test data directly and the corrected data. The difference of prediction results is analyzed. The main goal of this research is to deduce the correlation between melt/shrink effect and the HRR measurement and explore a method to use the test results in fire behavior prediction.
Test descriptions Test facilities
The tests were performed with the cone calorimeter in the State Key Laboratory of Fire Science, Hefei, China, and this cone is in accordance with ISO 5660. All test specimens were wrapped in aluminum foil with the upper surface uncovered, put into a specimen-holder and exposed in the horizontal orientation. Specimens were packed to the appropriate test level height using Kaowool ceramic fiber. The specimen-holder's edge frame retains the specimen as allowed in the standard. The edge frame reduces the test surface area to 0.008848 m 2 , and this is the area used in calculations. The nominal exhaust system flow rate for all tests was 0.024 m 3 /s. Prior to testing, a polymethyl methacrylate (PMMA) reference material was tested to ensure that all systems were working correctly.
Materials and tests arrangement
Six kinds of thermoplastic foams were tested in this research. Four of them were EPS foam panel, and two were extruded polystyrene (XPS) foam panel. These materials, parameters and labels are listed in tab. 1. Photos of tested samples are shown in fig. 1 . The tests were conducted in two stages. In the first stage, burning tests were conducted for EPS_48, XPS_red, and XPS_grey at incident heat flux of 25, 35, and 50 kW/m 
Test results

Melt/shrink effect of foams
The original remains of second stage tests are shown in fig. 2 . The melt/shrink effect is clear for all the tested thermoplastic foams.
To quantify the effect, all remains are taken from the aluminum foil with their original shape and put on a 94 × 94 mm blue (for EPS specimens) and white (for XPS specimens) paper to take photos. Processed photos are illustrated in figs. 3 and 4. The reduced surface areas of the molten specimens are calculated and listed in tabs. 2 and 3. The volume of each residue was also measured, thus its density is calculated, also these are listed in tabs. 2(a), 2(b) and 3. Incident heat flux has more influence on density than surface area. With low nominal density and the lowest mass, EPS_8 specimens shrank to a very low effective surface area decrease to a very low level, see tabs. 2(a) and 2(b). For EPS specimens, the more nominal density and mass, the more effective surface area would be reached, see also tabs. 2(a) and 2(b).
Influence on flammability prediction
In the second stage, burning tests were conducted for EPS_48, XPS_red, and XPS_grey at incident heat flux of 50 kW/m The FO-category is determined by application of the following set of rules:  The FO-category 1: products not reaching flashover during 1200 seconds of testing time,  The FO-category 2: 600 seconds ≤ tfo < 1200 seconds,  The FO-category 3: 120 seconds ≤ tfo < 600 seconds, and  The FO-category 4: tfo < 120
seconds. 
where t fo is the time to flashover in the room corner test, t ig -the time to ignition in the cone calorimeter at 50 kW/m 2 , THR 300 -the total heat release during 300 seconds after ignition at 50 kW/m 2 and ρ -the mean density. All of these three foams are classified to FO-category 4, which would reach flashover in ISO room test within 120 seconds, see tab. 4. The selected parameters were:  z1 = ρ, [kgm-3] = density of samples,  z2 = THR300, [MJm-2] = total heat release during 300 seconds after apparent time to ignition, and  z3 = ln(FIGRAcc) where FIGRAcc is the maximum value of the ratio between HRR and time when HRR was measured.
The parameter values and calculated results are also listed in tab. 4. All F FO4 give the largest value of the four functions, the foams can be determined as a member of FO-category 4, which would reach flashover in ISO9705 test within 120 seconds and they are the same as the results from [23] model. The values of all t fo are all close to 60 seconds.
The effective area at 50 kW/m 2 heat flux is used to correct THR 300 (z 2 ), and density of molten foam is used in eq. (1) and as z 1 in Hansen's model [24] , the calculated results are listed in tab. 5. Three out of five results from Ostman's model [23] and all results from Hansen's model classify the foams as a member of FO-category 3. Obviously, in both Ostman's and Hansen's models, the effective surface and density of molten play important role in the flammability prediction. The fig. 6 shows the influence of R a and R d on t fo with Ostman's model. 
Conclusions
The HRR per area of the foam depends on the effective burning area and the heat release of the molten pool. This would cause the estimation of the foam flammability more complicated than it is suggested by the existing in the literature models. Because of that, when the foam melts and shrinks, the effective burning area should be smaller than the standard burning area used in calculations of the HRR per area and this would cause a lower data of HRR. Shrunk foam would get less total heat flux from the cone heater and this would influence the ignition and subsequent burning process.
In cone calorimeter tests, both the effective burning area and the density of molten foam have significant effect on the results. The initial burning area could be used to correct the HRR per area of sample, but this is still a subject to a certain amount of uncertainty due to the burning area changing during the combustion process. The current models used for prediction of fire behavior as well as the flammability classification methods are incorrect in case of low density thermoplastics foams. In this context, even results based on corrected cone calorimeter test data need to be verified by full scale tests. In a real fire scenario, two key factors affect the fire behavior of the thermoplastic foams: the effective burning area and the flowing (or dripping) ability of the melts.
The fire behavior prediction model for low density thermoplastics foams should include the effective burning area caused by melt/shrink effect, and the HRR of molten foam. For real fire scenarios the prediction of the flowing or dripping performance should be considered due to increase in the complexity in predicting the fire behavior. Moreover, it is necessary to study the melt/shrink performance of low density thermoplastic foams when evaluating the flammability hazard. 
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